Abstract -This paper discusses the adaptive robust determined based on these estimates. guaranteed cost tracking control problem of linear systems.
identification method. The proposed adaptive robust variable gain controller is designed to reduce conservatism controller consists of a constant gain determined by the inherent in fixed gains. Then, in [12] , time-varying ellipsoidal nominal system and a variable gain tuned by the designed uncertainty obtained by set membership identification method adaptive laws. The application of this approach to the yaw is considered in adaptive robust H2 tracking control. should be designed to robust to those effects and advanced with simpler structure than [12] for linear systems with control strategies need to be used in order for a RUAV to fly autonomously [3] [4] . The system under study is a small-scale time-varying uncertainty. The method and so on have been presented [5] [6] [7] [8] [9] . The guaranteed The paper is organized as follows. In Section II, we introduce cost control approach has the advantage of providing an upper preliminaries and problem formulation. Section III contains the bound on a given performance index and thus the system main results. The design method of the adaptive robust performance degradation incurred by the uncertainties is guaranteed cost controller is presented. The application of the guaranteed to be less than this bound. Based on this idea, many proposed controller to the yaw control of small-scale helicopter significant results have been proposed [8] [9] .
is discussed in Section IV. Finally, some conclusions are made While a single controller with a fixed gain is considered, the at end of this paper. resulting controllers designed by these methods inherently become conservative. On the other hand, adaptive control [10] II. PROBLEM FORMULATION AND PRELIMINARIES has been long developed as controller design methodologies for Consider the following linear uncertainty model described system with uncertainties. The typical adaptive control scheme x(t) = A(}(t))x(t) + B(6(t))u(t) + Bt(6(t))w9(t) iS the parameter adaptive control, in which unknown by(1 parameters are estimated explicitly, and control parameters are y(t) = C1x(t) N-dimensional ellipsoidal set expressed as
In this section, we propose the control method for linear where I e RNXN represents the size of the ellipsoid.
systems with time-varying ellipsoidal uncertainty. This result The ellipsoidal set can be obtained by set membership can not only be used in this paper to solve the adaptive robust identification method. Set membership identification is one of guaranteed cost tracking control for the yaw control of a the identification technique that use a priori assumptions about small-scale helicopter mounted on an experiment platform, but a parametric model to constrain the solutions to certain sets. . In also can be applied to other related problems due to its general this approach, uncertainty is described by means of an additive formulation. noise which is known only to have given bounds. The
In order to obtain on-line information on the parameter motivation for this approach is that in many practical cases the uncertainty, we introduce the vector 0(t) E RN, denotes the Unkonwn but Bounded (UBB) error description is more _ realistic and less demanding than the statistical description. In adjustable parameter vector, and let the matrices A(0) and Section IV, the Fogel-Huang Algorithm [14] iKi x(t~) = A(6(t))3x(t) +B(}(t))u(t) +-Bj6(t)t)a), (t) (4) then the closed-loop system (4) is written as where Step 1: Design K0 by using the general LQR control theory [16] +4dlQPk3m +C4 -C4 FC4+4C, ) ('3R3) for the nominal augmented system +3Cd2C4 (R2 JR12)} + Cd2PCQ (R R )Omr x(t) = AOXY(t) + Bou(t) + Booc(t) CQ2(R3 R) (17) Step (71) rotor, a, (X. r, c. 0, v1, Q are respectively slope ofthe lift curve, Parameter uncertainty the angle of attack of the blade element, speed radial distance, 6OTI 260 < I = diag(0.5, 0.3,0.2) chord ofthe blade, inflow angle, induced speed and rotor speed
In the following simulations, the initial conditions are: of the main rotor. 9(0) =0 r(0) = 0. The tracking command of 9 is From (15) we can see that there exist couplings between -0, 0 < t <t main rotor torque QMr and tail rotor thrust Ttr. And (16) and (17) further demonstrate that the models are highly nonlinear and An adaptive robust guaranteed cost controller is designed to too complex to be used for control design. Instead of the control yaw model of the helicopter using the proposed dynamics described by (16) and (17) Proposed filtering for uncertain linear systems," IEEE Trans. Automat. Contr., vol. 39, no. 9, pp.1971 -1977 , 1994 o 6 [9] L. Yu, "An LMI approach to guaranteed cost control of linear uncertain time-delay systems," Automatic, vol. 35, no. 6, pp. 1155 Automatic, vol. 35, no. 6, pp. -1159 Automatic, vol. 35, no. 6, pp. , 1999 . 
